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Abstract
Background: Inadequate radiation or insufficient cutaneous absorption of UVB is one of the cardinal causes of
vitamin D deficiency. The aim of this study is to determine whether air pollution and low ground level of ultra-
violet B light (UVB; 290-315) can deteriorate the body vitamin D status in healthy women.
Methods: In this cross sectional study 200, free-living, housewives, aged between 20 to 55 years, from Tehran
(high polluted area) and Ghazvin (low polluted area) were included. The Tehranian women were selected
randomly from participants of the Tehran Lipid and Glucose Study (TLGS) and the Ghazvinian females from
patients who came to public health centers. Participants were excluded for disease and drugs which affect vitamin
D status and also if they were pregnant or breast feeding. We measured the ground level of UVB using a Haze
meter as a surrogate of air pollution. In order to calculate the adjusted mean difference of 25-OH-D, ANCOVA
analysis was used. Moreover, Binary logistic regression model was developed to determine the odds of living in
Tehran for having serum 25-OH-D less than 20 ng/ml.
Results: The mean ± SD of serum 25-OH-D was significantly higher in Ghazvinian women ((18 ± 11 vs. 13 ± 7), P-
value < 001). The prevalence of 25-OH-D less than 10 ng/ml, and 25-OH-D between 10 and 20 ng/ml were higher
in Tehranian group (36% and 54% vs. 31% and 32% in respectively). Secondary hyperparathyroidism was also
significantly higher in Tehranian women (47% vs. 32%). In ANCOVA analysis, after adjustment, the mean of 25-OH-D
in the Ghazvinian group was still statistically significantly higher than Tehranians (13 vs. 17 ng/ml P-value = 0.04). In
addition, in binary logistic model, the odd of living in Tehran for having serum 25-OH-D less than 20 ng/ml was
5.22 (95% confidence interval 2.2-12.2, P-value < 0.001).
Conclusion: We found that living in a polluted area plays a significant independent role in vitamin D deficiency
and hence, residence can be one of the main reasons of vitamin D status of the women.
Background
Skin synthesis of vitamin D, under the influence of
UVB, includes about 90% of all the body’s requisites.
Meanwhile, dietary sources of vitamin D (e.g., fish liver
oils, egg yolks, and vitamin D fortified foods) are only
responsible for a small portion of body requirements.
Hence, inadequate radiation or insufficient cutaneous
absorption of UVB is one of the cardinal causes of vita-
min D deficiency. Severe vitamin D deficiency is com-
mon amongst sunlight-deprived individuals [1]. The
efficacy of cutaneous synthesis of vitamin D is
determined mainly by age, degree of skin pigmentation,
and most importantly, by the extent of body attainable
UVB [2-4] which depends largely on the percentage of
UVB that reaches the earth surface and also by clothing
styles i.e. determining the amount of unprotected skin
exposure to available UVB [5]. The main factors influ-
ence the earth surface magnitude of UVB, are geo-
graphic latitude, season, time of day i.e. peak UV period
10:00-15:00 am, and the levels of atmospheric pollution
[2,6-8].
Air pollution is one of the chief actors in determining
the percentage of the ground level of UVB. The level of
air pollution is inversely related to the extent of solar
UVB that reaches earth surface, consequently, more pol-
lutant areas, less UVB passage and as a result, lowers
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vitamin D cutaneous synthesis. Nevertheless, not enough
studies have evaluated the probable relation between
cutaneous vitamin D synthesis and the ground level of
UVB, as a function of air pollution. one study in India
has found that high atmospheric pollution decreases the
percentage of UVB which reaches the earth surface and
children in more pollutant areas are at higher risk of
vitamin D deficiency [9]. Another study in Belgian post-
menopausal women also confirmed the positive correla-
tion between air pollution and hypovitaminosis D [10].
In this study, we conducted a cross-sectional survey of
healthy and relatively young women, (aged 20-55 years)
recruited from general population, in two areas with dif-
ferent ground level of UVB, to determine the indepen-
dent role of air pollution on vitamin D status.
Methods
This cross-sectional study was conducted in September
2007, on 200 women, to evaluate the role of air pollu-
tion on blood level of 25-OH-D, as the best indicator of
vitamin D storage. Considering the degree of air pollu-
tion, we defined two separate zones, of approximately
similar latitude; the east of Tehran, latitude 35/7117° N,
as a significantly polluted area, and Ghazvin city, lati-
tude 36/2693° N, a less polluted area. Ghazvin is located
165 km northwest of Tehran, in the Ghazvin Province,
at an altitude of about 1800 meters above sea level, with
a cold and dry climate due to its position south of the
rugged Alborz range. This is while Tehran is the capital
of Iran and Tehran Province, located 1139 meters above
sea level with a a semi-arid, continental climate. We
measured the ground levels of UVB by a Haze meter
instrument, type UVB EC1 HANGER, on a completely
sunny day, between 9 am and 12 pm, in 3 centers in
district 13 of Tehran and 10 centers in Ghazvin. The
unit of UVB measurements was watt per square meter
(W/m2 ). The ground level of UVB was significantly
higher in Ghazvin as compared with Tehran (mean (SE),
0.31(0.07) and 0.16(0.03) W/m2 respectively, P-value =
0.003).
All participants were selected using a randomized
cluster sampling method; cases were the outpatient
housewives, aged between 20 and 55 years. The Tehra-
nian women were selected randomly from participants
of the TLGS [11]. TLGS is a population based study,
conducted to determine the prevalence of non-commu-
nicable diseases among Tehranian’s urban population
and to develop population-based measures to decrease
the prevalence and prevent the rising trend of diabetes
mellitus and dyslipidemia. Ghazvinian women selected
from subjects who came to public health centers for
problems other than those related to vitamin D status.
Based on patients’ information, those excluded from this
study on the basis of medical histories, including known
history of malabsorption and gastrointestinal surgeries,
cirrhosis, infertility, diabetes mellitus, Cushing’s disease,
oligomenorrhea, malignancy, and chronic renal failure.
Furthermore, participants that were under anti-epileptic,
corticosteroid, levothyroxine, Isoniazid, and cholestyra-
min therapy and those that used vitamin D ampoules in
the last 6 months and finally pregnant or breastfeeding
women were excluded. Eventually based on inclusion-
exclusion criteria, we selected 100 women from Tehran
and 100 women from Ghazvin. The project was
explained to each participants and written informed
consent was obtained at the time of enrollment on an
institutionally approved protocol and consent form. The
study protocol was approved by the research ethics
committee of the Research Institute for Endocrine
Sciences affiliated to Shahid Beheshti University, Tehran,
Iran.
To take into account different parameters that may
contribute to control of vitamin D status, two question-
naires were designed, one for nutritional evaluations
(Food Frequency Questionnaires (FFQ) [12]) and other
to assess degree of daily sun exposure. To assess the
validity of FFQ, dietary data of 132 individuals were col-
lected by means of 24-h dietary recall (24hDR), repeated
twelve time; 24hDR interviews were performed every
month for 12 months by the same trained dietitians
according to a standard protocol. Usual dietary intake
was assessed twice using a 168-item semi-quantitative
FFQ (FFQ1 and FFQ2), all administered by the same
trained dietitians for each participant fir assessing intra-
rater reliability. The first recall was completed one
month after FFQ1 administration and the last recall was
completed one month before administration of FFQ2. In
women, energy-adjusted and deattenuated correlation
coefficients mean nutrient intake in the 24hDR and FFQ
were 0.33 and 0.43 for calcium and vitamin D, respec-
tively; the age and energy adjusted interclass correlations
for calcium and vitamin D were 0.56 and 0.71 respec-
tively [12]. Nutritional data precisely collected, were
analyzed by our nutritionists and the daily usage of Ca,
Pi, vitamin D, and protein were extracted. Because the
Iranian food composition table (FCT) is incomplete
(limited to only raw materials and few nutrients), each
food and beverage was analyzed for nutrient intake
using the US Department of Agriculture’s (USDA) FCT
[13,14]. We used the Iranian FCT only for food items
like “kashk” which was not listed in USDA FCT. We did
not have the possibilities to measure dietary phytate
intake. The other questionnaire evaluated the degree of
personal daily sun exposure. We inquired about their
housing status (i.e. apartment or villa), time spent out-
door whether over or less than 3 days in a week, and
the usage pattern of sunscreen (i.e. always or sometimes
or never); each of the above questions was analyzed
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separately. In addition, to calculate the Body Mass Index
(BMI), an important determinant of vitamin D status,
the height and the weight of these women were also
measured; weight was recorded, using a Seca 707 weigh-
ing machine (range, 0.1-150 kg) with an accuracy of up
to 100 g, the machine being checked regularly for preci-
sion every 10 measurements. Height was measured with-
out shoes using a tape stadiometer with a minimum
measurement of 1 mm. BMI was calculated by dividing
weight (in kilograms) by height squared (in meters).
For determination of 25-OH-D, Parathyroid hormone
(PTH), Calcium, Phosphorus and total Alkaline Phos-
phatase level (ALP), 10 ml of venous blood was taken
from antecubital vein of participants, between 8:00 am
and 9:00 am after 12-14 h overnight fasting; all samples
were centrifuged after collection and 15 min incubation
at room temperature (3000 rpm, 15 min at 4°C). Sera
25-OH-D was measured using the Enzyme Immunoas-
say (EIA) method (25 OH VitD EIA kit, DRG, Marburg,
Germany); the kit expected range 10-50 ng/ml. The
assay sensitivity was 5.6 nmol/L, and intra-inter assay
coefficient variation percents (CV %) were 2.7 and 3.9
respectively. Sera PTH level was determined using an
enzyme-linked immunosorbent assay (ELISA) method
(hPTH ELISA kit, Biosource, Belgium); the kit expected
range 16-64 pg/ml. The assay sensitivity and the intra-
inter assay coefficients of variation were 2 pg/ml, 6.4%
and 7.8% respectively. Calcium, Phosphate and total
ALP levels were measured using photometric methods
(Calcium CPC, Phosphorous UV and Alkaline Phospha-
tase DGKC Kit, Pars Azmoun Co., Tehran, Iran). The
sensitivity of assays mentioned were 0.2 mg/dl, 0.7 mg/
dl and 3 U/L respectively. Intra and inter assay CV% for
calcium, phosphorous and total ALP of the samples
were 1.4, 2.7, 1.9, 3.1, and 1.1, 1.8 respectively.
Statistical analyses were performed using SPSS version
16.0 software. The normality of distribution was checked
for all variables by Kolmogorov-smirnov analysis. If
required, skewed variables were logarithmically trans-
formed to improve normality prior to analyses, if it was
needed. Normally distributed continuous variables are
reported as the mean ± SD and not normally distributed
continuous variables are reported as median and Inter-
quartile (IQ) 25-75.
Student’s t-test for unpaired data was used to compare
groups and other than that the Mann-Whitney test was
used. Correlation coefficients were calculated by Pear-
son’s analysis. adjusted mean differences were calculated
using ANCOVA. A binary logistic analysis was per-
formed in all 200 subjects to determine the role of the
city of residence per se, as an surrogate of air pollution,
for having blood level of 25-OH-D less or more than 20
ng/ml following adjustment of the confounders, i.e. age
(years), BMI (kg/m2), dietary usage of Ca (mg), Pi (mg),
vitamin D (ug), and protein (gr), housing status (refer-
ence, villa), time spent outdoor (reference, >3 days in
week), the pattern of sunscreen usage (reference, rou-
tine), and the city of living (reference, Ghazvin). Vitamin
D deficiency, insufficiency, and normal cut offs consid-
ered were as 25-OH-D <10 ng/ml, 12 to <20 ng/ml, and
≥20 ng/ml, respectively [15]. P-values <0.05 were con-
sidered statistically significant.
Result
Two hundred housewives, aged 20 to 55 years, from
Tehran and Ghazvin, participated in this study. Ninety
four (47%) were overweight and 38 (19%) were obese.
The age and BMI of these 2 groups were statistically dif-
ferent but their values were clinically comparable. There
were no significant differences between the daily dietary
intakes of Ca, Pi, vitamin D, and protein of these
groups. The sun exposure indices were higher in Ghaz-
vinian participations (Table 1).
Table 2 shows the differences in biochemical para-
meters of Tehranian and Ghazvin participants. Median
serum 25-OH-D was significantly higher in Ghazvin
women (11 vs. 15.5 ng/ml, P-value < 001). The preva-
lence of vitamin D deficiency and insufficiency were
higher in Tehranians (36%, 54% vs. 31%, 32%) (Fig 1).
Secondary hyperparathyroidism was found in 32% of
Ghazvin participants while, 47% of Tehranian women
had secondary hyperparathyroidism. Median PTH was
significantly lower in the Ghazvin group, compared to
Tehranians (P-value < 001). Serum Ca was significantly
higher in Ghazvinian women (P-value= 0.001). The
serum ALP and Pi were similar in both groups.
Significant and negative correlation was observed
between serum 25-OH-D and PTH (correlation coeffi-
cient = -0.86, P-value < 001), whereas there were no sig-
nificant correlation between 25-OH-D, and other
parameters. We did not find any association between
each of the defined subgroups i.e. housing status (apart-
ment or villa), time spent outdoor (more than 3 days or
less that 3 days in a week), and the style of sunscreen
usage (routine, never, occasional), and serum vitamin D.
In ANCOVA Analysis, the adjusted mean difference of
25-OH-D in Ghazvin and Tehranian participations was
4 ng/ml (13 vs. 17 ng/ml, P-value = 0.04).
In the binary logistic regression, serum 25-OH-D was
significantly associated with the city of living. The odds
ratio of living in Tehran and having serum 25-OH-D
less than 20 ng/ml was 5.22 (95% confidence interval
2.2-12.2, P-value < 0.001).
Discussion
This study, in healthy free-living women aged 20-55
years, demonstrates that city of residence and air pollu-
tion play significant independent roles in vitamin D
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status. After adjustment for confounders, adjusted mean
difference of serum 25-OH-D between these 2 areas,
with different ground level of UVB, was statistically sig-
nificant. Living in more polluted areas i.e. east of Tehran
significantly increases the probability of vitamin D insuf-
ficiency and deficiency.
High levels of atmospheric pollutions can reduce
ground levels of UVB significantly [6,9,16]. Our results
also show that these polluted areas reduce ground level
of UVB. Thus, living in a polluted city can be one of the
main reasons of vitamin D deficiency [17]. In this study,
we have found that after adjustment for known para-
meters that may be important determinants of vitamin
D status i.e. age, BMI, daily dietary vitamin D, Ca, Pi,
protein, and the levels of sunlight exposure [18,19], liv-
ing in higher polluted area result in lower level of serum
25-OH-D in healthy housewives, aged 20-55 years.
ANCOVA and binary logistic analyses showed that after
adjustment for different plausible confounders, the only
parameter that remains in the model was the city of
residence as a surrogate of air pollution. To best of our
knowledge, there are only two studies that reported the
association between air pollution and vitamin D status,
one in infants and toddlers in India and one in postme-
nopausal women living in Belgian, recruited from sub-
jects attending the rheumatology outpatient clinic [9,10].
Both studies revealed that residents of high levels of air
pollution were at increased risk of developing vitamin
D-deficiency. Here, we reported that that living in a pol-
luted area plays a significant independent role in vitamin
D deficiency in healthy ambulatory women, aged
Table 1 Characteristics of the participants.
Tehran High pollution area Ghazvin Low pollution area Total
Age (years)* 35 (29-42) 39 (31-44)*** 37(31-44)
BMI (kg/m2)** 28 ± 5 26 ± 3*** 27 ± 4.6
Daily dietary Calcium intake (mg)** 964 ± 402 880 ± 343 925 ± 379
Daily dietary Phosphor intake (mg)** 1255 ± 491 1113 ± 430 1184 ± 424
Daily dietary vitamin D intake (ug)* 1.67 (0.8-2.8) 1.60 (0.6-2.7) 1.60(0.9-2.7)
Daily dietary protein intake (gr)** 67 ± 27 62 ± 35 64 ± 27
Housing status% ***
Apartment 73(73) 47(47) 120(60)
Villa 27(27) 53(53) 80(40)
Time spent outdoor% ***
>3 days in week 69(69) 85(85) 154(77)
<3 days in week 31(31) 15(15) 46(23)
Sun screen %
Routine 33(33) 20(20) 53(26.5)
Never 41(41) 50(50) 91(45.5)
Occasion 26(26) 30(30) 56(28)
UVB (W/m 2)** 0.16 ± 0.03 0.31 ± 0.07 *** 0.27 ± 0.09
* Median (IQ: 25-75). ** Mean ± SD. *** P-value < 0.05
Table 2 Comparison of biochemical parameters between
Tehranian and Ghazvinian groups.
Tehran Ghazvin P-value
25-OH-D (ng/ml) 11 (8-14) 15.5 (8.5-26) <001
PTH(Pg/ml) 64 (60-68) 58 (45-65) <001
ALP (u/l) 157.5 (133-180) 156.5 (126-185) 0.46
Calcium (mg/dl) 9.43 (9.10-9.80) 9.67 (9.10-10.10) 0.001
Phosphate (mg/dl) 3.6 (3.3-4) 3.5 (3-4) 0.15
Median (IQ: 25-75) of data are presented.
Figure 1 Median (IQ: 25-75) of serum 25-OH-D in Tehranian
and Ghazvinian participations.
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between 20 and 55 years. It should be restated that,
aging significantly decrease the skin capacity of vitamin
D synthesis in response to solar UVB [19]; thus the role
of air pollution in elderly may be more prominent than
the results that were seen in this study.
This study has limitations that are mainly due to pro-
blems related to our equipment. First, our hypothesis
was that the lower ground levels of UVB in more pol-
luted area are mainly due to atmospherics’ pollutant
aerosols but some other parameters may also contribute
in it. Second, it was impossible for us to determine the
main chemical particles that absorb and decrease UVB
radiations. Third, because of limited number of centers
that measured ground levels of UVB, we were unable to
analysis the magnitude of UVB as a parameter and just
defined the city of living as a surrogate of the ground
level of UVB. Fourth, we did not calculate sun exposure
index. But, it seems that due to the facts that Iranian
women clothing styles have no significant variations and
all of the women in this study were housewives, there is
no significant differences between these two place sun
exposure indexes. We defined simple questions for
housing status, time spent outdoor, and the usage pat-
tern of sunscreen instead of sun exposure index. Fifths,
it was impossible to measure the blood levels of specific
bone markers. Last but not least, it is important to men-
tion that there is an increase in solar UVB doses from a
difference in surface elevation above the sea level. The
amount seems to be between 20% per 1000 m at the
elevation of the two cities [20]. The elevation difference
between the two cities is 640 m, implying a difference of
12%. This difference contributes, in part to differences
in serum 25-OH-D levels (about 30% percent of men-
tioned differences between Tehran and Ghazvin 25-OH-
D may be due to surface elevation differences). It would
also affect the fraction of the populations below speci-
fied 25-OH-D levels. However, ground level of UVB was
significantly higher in Ghazvin as compared with Tehran
(mean (SE), 0.31(0.07) and 0.16(0.03) W/m 2 respec-
tively, P-value = 0.003). This means that at least 70%
percent of serum vitamin D difference is due to air pol-
lution. Despite these limitations, our study does have
advantages over previous studies. Our strengths are: to
define objectively the amount of air pollution, we mea-
sured the magnitude of UVB that reached the earth sur-
face by the Haze meter instrument. In addition, daily
information on dietary intake of vitamin D and duration
of sun exposure, as two main determinant of vitamin D
storage, were also considered. Besides these advantages,
we recruited our samples from participants of a large
population based study in Tehran and from public
health centers in Ghazvin.
Conclusion
The question addressed by this study was whether air
pollution affects the blood level of 25-OH-D in healthy
women. We found that the place of living, as a surro-
gate of air pollution, has a significant influence on vita-
min D status. Hence, controlling air pollution levels will
promote the body vitamin D status.
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